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(54) TRANSMITTER-RECEIVER WITH TWO-WAY EQUALIZATION 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a 
transmitter-receiver that includes intersymbol 
interference 2-way correction device for a 
communication system exchanging data with a 
remote device through a channel using a distribution 
modulation/demodulation processing means. 
SOLUTION: A transmitter-receiver is provided with 
an equalization means 23 that equalizes a 1st signal 
received from a remote device and a pre-stage 
compensation means that applies predistortion to a 
2nd signal sent to the remote device, and also with a 
means 230 that stores information representing 
nonlinear distortion of a modulation/demodulation 
means and specifying a nonlinear reference signal, a 
means 233 adjusting a coefficient (CO) of the 
equalization means 23 that denotes a signal received 
from the remote device and nonlinear information 
and the adjusted coefficient is sent to the pre-stage 
compensation means. 
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1 . Title of Invention 

TRANSMISSION/RECEPTION UNIT WITH 
BIDIRgCTIONAI EQUALIZATION! 

2 . Claims 

1 - Data transmission/reception unit to exchange data with a remote unit through a 
channel using means for modulation/demodulation treatment distributed between 
said data transmission/reception unit and said remote unit said transmis- 
sion/reception unit Including ^equalization means (23) to equaltM a first signal re- 
ceived from said remote unit and predistortion means (13; 13a, 13b) to predistort a 
second signal transmitted to said remote unit, 

characterized in that (a) - the means for modulation/demodulation treat- 
ment operate according to a non-tinear mode and (b) - the unit includes 
(bl) - means (230, 231; I) to store information which is representative of a non- 
linear distortion erf said modulatiortfdemcdulation treatment means and which de- 
fines a non-Bnear reference, and 

(b2) - means (233; COR, EQU) to adjust coefficients (CO) in the equalization 
means*"(23) according to the signal received from the remote unit and said repre- 
sentatrve information, said a<§usted coefficients being transmitted to said predistor- 
Hon means (13; 13a, 13b). 

2 - Transmission/reception unit according to daim 1, characterized in that the data 
transmission/recaption untt exchanges data with said remote unit using a duplex 
mode by time division, and that said adjusted coefficients (CO) are used in the 
equalization means to equalize said first signal during a reception time interval and 
are transmitted to said predistortion means to predistort said second signal during 
the following transmission time interval. 

3 - Transmlssior^receptlon unit according to claim 1 f characterized in that the ad- 
justment means are calculation means (233) which minimize an error signal (ES) in 
the equalization means (233) according to, on the one hand, said signal received 
from the remote unit and, on the other hand, said representative information. 

4 - Transmission/reception unit according to claim 2. characterized in that the 
means for non-linear modulation/demodulation treatment are frequency modula- 
tion/demodulation treatment means. 

5 - Transmission/reception unit according to dairn 3, characterized In that said unit 
is a base station of a radio communications system with the mobile phones accord- 
ing to the DECT standard. 

6 - Transmission/reception unit according to claim 1. characterized in that the ad- 
justment means Include; 
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- means (A/D) to sample said first signal received from the remote unit to a 
higher frequency than a frecuency of logic symbols associated to the signal re- 
ceived and to define sample sets «<p<k, T»), eacft one defined by a sample phase 
respectively, 

• means (COR) to correlate said representative information to each one 
of the sample sets T)» of the signal received from the remote unit, to define 
the a priori optimum sample set ({cp(k« T)», 

- means to select a sample set between said e priori optimum sample set 
iWK "0» ar > d some of saK * sample sets 7$, 7}}, {tfK+l, T)> and 

T)}) defined by sample phases near to the sample phase of said a priori 
optimum sample set the selected set being the set producing the smallest equali- 
zation errsr signal with respect to a logic symbol sequence (TS). and 

* calculation means to minimize an error signal in the equalization means, 
according, on the one hand, to said signal received from the remote unit when it is 
sampled with the sample phase of the selected sample set and, on the other, to 
said logic symbol sequence (TS). 

7 - Transmission/reception unit according to daim 5. characterized in that the 
means for non-linear modulation/demodulation treatment are means for frequency 
modulation/demodulation treatment 

8 - Transmission/reception unit according to daim 6, characterized In that said unit 
is a base station of a radio communications system with the mobile phones accord- 
ing to the DECT standard. 



SK*#*i»P 4 0 7 0 3 



(10) 



#H8¥ 10-271051 

^— >? (3/11) 



3. Detailed Description of Invention 
OBJECT OF THE INVENTION 

The present 'mention refers to a data transmission/reception unit to ex- 
change data with a remote unit by means of a channel using non-linear modula- 
tion/demodulation treatment means, for example frequency modula- 
tion/demodulation. 

STATE OF THE ART 

The use of frequency modulation methods, like that used in tha European 
standard for wireless communication DECT, of tha GPSK type, makes the use of 
frequency demodulators, for example by means of discriminators, recornmendafale; 
In this way, the recovery of data Is passible by means of a simple threshold detec- 
tor to decide between the two logic values *1' or "0*. 

In some fields of application of these methods, this type of receiver is suffi- 
cient due to tha fact that the maximum temporary dispersion of the signal in the 
receiver is rather less than a symbol and, hence, me interference between symbols 
due to the radio channel is hardly detectable. 

However. In other applications where radio coverage is greater and induces 
multiple trajectories of the waves, die effects of attenuation and reflection in the 
propagation thereof have to be taken into account Therefore, the use of equalizers 
is recommendabte, which rectify this effect that degrades the signal quaity, consid- 
erably enhancing the probability of error of the recovered symbols. For this reason, 
some kind of equalizer is used, as shown in the artJde "Adaptive equalization for 
DECT systems operating in low time-dispersive channels" by J. Flihl and G. 
Schultes, published in the magazine "Electronics Letters", November 25. 1993, vol. 
29, N 24, pages 2076-2077. in this article, an adaptive equalizer of the well-known 
DFE (decision feedback equalizer) type is used and where 16 bits of burst syn- 
chronization defined in the DECT are used as a training sequence. The training 
sequence is stored in a ROM memory and is applied to the equafizer when the sig- 
nal corresponding to the training sequence received appears in the input thereof 
This avoids that the passible errors that are produced in the detector when the 
coefficients of the Alters are stfll unsuitable are fed bade to the equafizer and per- 
mits that the convergence is produced fester. 

When the type of modulation/demodulation is non-linear, even under ideal 
propagation conditions the demodulated signal may be considerably distorted due 
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to the mentioned norvffnear effect. Under these conditions, the convergence of the 
equalizer may be Inadequately produced, since the non-linear process to which the 
received signal fs submitted is not being duly taken into account For example, the 
frequency modulator and the frequency discriminator introduce non^near distor- 
tions given that the voltage-frequency conversion characteristic an the one hand, 
and the frequency-voltage on the other, are not a constant as in the ideal case. 

More specifically, the Invention refers to a transmission/reception unit, in- 
cluding a bidirectional correction device for the inter-symbolic interference acting 
through both directions of the radio channel. The device permits the correction of 
interferences In both directions of the data route, Including an equalizer in the re- 
ception chain and a predislorter In the transmission chain. The objective of incorpo- 
rating the bidirectional correction function of the inter-symbolic interference in the 
same transmission/reception unit ts to reduce the cost of the c frier unit(s) that ex- 
change data wfth said unit. 

A device of this type, Including an equalizer and a predistorter. is known 
from the document "Adaptive channel preceding for personal communications" by 
W. ZHUANG et al., published in the magazine "Bectronfcs Letters", September 15. 
1994, vol. 30, N 19, pages 1570-1571. In mis document, a solution to the problem 
of linear modulation/demodulation is proposed, this being phase modulation. 

This (imitation is the result of the superposition or the non-linear effects and 
the inter-symbolic interference effects due to the multiple trajectories of the waves, 
which hinders a "bidirectional equalization* in only one transmission/reception unit. 
If the norvilnear effects do not permit the effective correction of the inter-symbolic 
interference In the received signal, an imperfect predistortion results, which may be 
worse than not using this pre distortion. Furthermore, the requirements for updating 
the equalizer coefficients and the predistorter coefficients for each transmls- 
s ion/reception period using a short serial sequence to assess the channel status 
have to be taken into account 

CHARACTERIZATION OF THE* INVFNTinfl 

One objective of the present invention is to propose a transmis- 
sioiVreception unit for a communications system operating in a non-linear mode, 
that includes a bidirectional correction device for the inter-symbolic interference. 
The invention is applied to the DECT system, but not exclusfvely. 

As a result, a data transmission/reception unit that exchanges data with a 
remote urpt by means of a channel using distributed modulation/demodulation 
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treatment means distributed between said data transmission/reception unit and 
said remote unit, said transmission/reception unit including equalization means to 
equalize a first signal received from said remote unit and predistortion means to 
predistort a second signal transmitted to said remote unit, is characterized accord- 
ing to the invention in that (a) -the modulation/demodulation treatment means work 
according to a non-linear mode and (b) -the unit includes 

(b1) means to store information which is representative of a non-linear distortion 
of said modulation/demodulation treatment means and which defines a non-linear 
reference and 

(b2) -means to adjust equalization means coefficients according to the signal re- 
ceived from the remote unit and said representative Information, the mentioned 
adjusted coefficients being transmitted to said predistortion means. 

Therefore, both in the equalizer and in the predistorter. the correction of the 
inter-symbolic interference is carried out independently from the non-linear distor- 
tion resulting from modulation/demodulation. 

According to a first embodiment, the transmission/reception unit is charac- 
terized in that the adjustment means are calculation means minimizing an error 
signal in the equalization means, on the one hand according to said signal received 
from the remote unit and r on the other, to the mentioned representative informa- 
tion. 

According to a second embodiment the adjustment means Include: 

- means to sample said first signal received from the remote unit to a fre- 
quency which is higher than a frequency of logic symbols associated to the re- 
ceived signals and to define sets of samples, each one defined by a sample phase. 

- means to correlate said representative information with each one of the 
sample sets of the signal received from the remote unit/ in order to determine an a 
priori optimum sample set, 

• means to select a sample set between said a priori optimum sample set 
and some of said sample sets defined by respective sample phases near to the 
sample phase of said a priori optimum sample set the selected set being the one 
that produces the smallest equalization error signal with respect to a sequence of 
logic symbols, and 

- calculation means to minimize an error signal in the equalization means 
according, on the one hand, to said signal received from the remote unit when it is 
sampled with the sample phase of the selected sample set, and on the other hand, 
to said logic symbol sequence. 
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DESCRIPTION OF THE INVENTION 

A more detailed explanation of this invention is given in the following de- 
scription based on the attached figures. 

The present invention. In a preferred embodiment is applied in a base sta- 
tion for a digital communications system with GFSK modulation used in the Euro- 
pean digital system of wireless telecommunications (DECT). This base station ex- 
changes data with a remote unit, for example a terminal, using a duplex mode by 
division in time. 

In figure 1, the base station includes a transmission chain and a reception 
chain. The transmission chain- Includes, connected in cascade, a source of binary 
data 10, a Gauss niter 11, an integrator 12, a precfistorter 13, two circuits 14a and 
14b for separation of the components in quadrature, a low pass filter 15 and an 
elevator converter 16, the output of which is connected to an antenna. The recep- 
tion chain includes, connected in cascade, an RF filter 20, a frequency reducer 21. 
a fuTiiter/discrtmlnator 22, an equalizer 23 and a digital system 24. Trie Gauss rater 
11 and the integrator 12 are used to modulate the binary data to be sent in fre- 
quency and the limiter/discnminator22 is used to demodulate the signal received In 
frequency. 

Figure 2 shows the predistorter including two predistora'on circuits 13a and 
13b. Each one precDstorts a signal corresponding to a component in phase and in 
quadrature. In this embodiment the integrator 12 output is appGed to the two cir- 
cuits 14a and 14b for separation of the components in phase and in quadrature. 
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The outputs of these two circuits 14a and 14b are respectively applied to the two 
predistortlon circuits 13a and 13b. In figure 1 ( a coefficient transfer output of the 
equalizer 23 is applied to a coefficient updating input of the predistorter 13. In fig- 
ure 2 f a coefficient transfer output of the equalizer 23 is appOed to a coefficient up- 
date input of each one of the two predistortlon circuits 13a and 12b. 

In a third embodiment (not shown), the reception chain indudes, connected 
in cascade, the digital data source, a predistorter, a Gauss filter, a VCO and an 
elevator converter. 

The predistorter 13{FJG. 1) or the predistortion circuits 13a and 13b (F|G. 2) 
modify the signel received in their inputs with a transfer function compensating the 
inter-symbolic interference due to the radio channel. 

Figures 3 and 4 show a first preferred embodiment of the invention. Figure 4 
shows thB ilmter/disefi minator 22 of the reception chatn of the base station irtduti. 
Jng an ampfitud© 6mrter22D, a discriminator 221 and a low pass filter 222. 

The function of the fimifcer 220 is to trim the signal, so that at its output the 
amplitude of the signal is always constant This allows its demodulation to be per- 
formed without having to resort to automatic gain control methods. On being a 
system with frequency modulation and constant envelope, when filtering the 
trimmed signal again with an intermediate frequency filter, wb obtain a signal with 
the same information as that received but this time with an always constant ampli- 
tude. 

The frequency discriminator 221 is normally a multiplier which is a non- 
linear component, multiplying the signal to be demodulated by another which is that 
derived from the former and tesfdes dephased 90°. The output signal of the dis- 
criminator 221 Is sent to the low pass filter 222 which eliminates noise, especially 
that of higher frequencies whose effect Is more damaging, since as we know, the 
spectral noise density at the output of a frequency demodulator is of the parabolic 
type. 

FmaBy, the output signal of the aforementioned low pass fitter 222 is sent, 
by means of the equalizer 23, to a symbol detector 24a thai belongs to the digital 
system 24. This detector 24a is, in the simplest case, a comparator with a refer- 
ence fevel corresponding to that provided by the demodulator In absence of a 
modulated signal; that is, when only the carrier is received. In this circumstance, 
the values above the reference level are equivalent to a logic value and the values 
below are equivalent to another logic value. Obviously, , much more complex dotec- 
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tors can be used which obtain a lower probability of error for the same noise condi- 
tions, but this does not affect the abject of the invention. 

Through the remote terming! transmission chain up to the input to the sym- 
bol detector 24a of the base station, the signal passes through different compo- 
nents distorting the signal non-Hnearty, which are not in principle taken into account 
when equalizing and predistorting according to the state of the art described In the 
document 'Adaptive channel preceding for personal communications - by W. 
ZHUANG et al„ published in the magazine "Electronics Letters", September 15, 
1994, vol 30. N 19, pages 1570-1571. 

For this reason, according to the invention, the equalizer 23 includes a wave 
shaper 230 which receives symbols of a training sequence TS formed of bits with 
logic states "1" and *O w . This sequence Is locally stored In the base station and is 
identical to a sequence sent by the remote terminal. The wave snaper 230 stores 
information which is representative of a non-linear distortion of the non-ffnear 
modulation/demodulation means which are distributed between the base station 
and the remote terminal or unit This Information defines a non-linear reference. 
The components taken Into acoount in the transfer function of the wave shaper 230 
are, for example, in the remote terminal transmission part, the premodulation 
Qauss filter and the frequency modulator and In the reception part of the basB sta- 
tion, the amplitude timiter 220, the frequency discriminator 221 and the low pass 
filter 222. The specialist can limit the transfer function of the wave shaper 230 to 
some of these chain components of the terminal transmission chain and the recep- 
tion chain of the base station which Induce non-linear effects. The training se- 
quence TS, wrrieh m this case for DECT is the burst training sequence, is stored In 
a logic circuit 231. For each DECT burst an equalizer training phase is produced. 
This training phase is produced wfien the training sequence transmitted by the re- 
mote terminal is received in an input of a first FFF fitter of the equalizer 23 of the 
base station. In this moment the stored TS sequence is applied to an input of a 
second FBF filter by means of the wave shaper 230 by a switcfi 232. 

As shown in figures 3 and 4, the equalizer 23 includes, according to a 
Known embodiment, the linear filter with feed FFF {Feed Forward Filter) end the 
linear filter with feedback FBF (Feedback Fitter}, both defined by a delay T" end 
coefficients CO which are c_ 1t Co, c% end c^ and also a calculation module 233. 
According to the invention, the equalizer 23 also includes the logic circuit 231 
which stares the burst synchronism sequence TS and the wave shaper 230 whose 
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input is connected to an output of the logic circuit 231. An FFF filter output is con- 
nected to an input of the symbol detector 24a. through an adder whose second 
input is connected to an FBF filter output During the training phase, the output of 
the wave shaper 230 is applied to an FBF filter Input Except during this phase, the 
output of the symbol detector 24a is applied to an FBF filter input 

During the equalizer training phase, an algorithm stored in the calculation 
module 233 changes the CO coefficients = (c* c.^, Cq, c, and pj) of the FFF and 
FBF fitters, so that the signal produced by the wave shaper 230, when it receives 
the training sequence TS stored in a logic circuit is as simitar as possible to the 
signal produced at the symbol detector Input, so that an error signal ES is obtained 
between these two signals whose mean square value asymptotically tends to zero. 

At the end of the equalizer 23 training phase, the adaptation algorithm de- 
veloped In the calculation module 233 is frozen so that the coefficients cx 2 , c.,. ^ d 
and c 2 calculated En both FFF and FBF filters of the equalizer 23 are maintained 
constant until the end of the burst or raster. According to the Invention, the coeffi- 
cients obtained at the end of the training phase are transmitted to the predistorter 
13 (FIG. 1) or 13a and 13b (FIG. 2). The same coefficients are used to equalize the 
data received during a reception time interval which temporarily follows the se- 
quence TS time interval, includes data and predistorts the signal transmitted 
through the transmission chain of the base station. The predistorter includes the 
same FFF and FBF fflters (FIG. 3) as those of the equalizer EQU. This results In 
the predistorter operating wifil the same coefficients as these of the equalizer EQU 
during a transmission time interval defined with respect to the reception tone inter- 
val with a delay equal to that defined in the Time Duplex mode of the DECT. 

Figure 5 shows a second embodiment of the invention, in this embodiment, 
the output of the discriminator 221 is applied to an analogic/digital converter A/D 
input This converter samples the signal received from the remote unit with a higher 
sample frequency than the frequency of the logic symbols associated to the re- 
ceived signal. These logic symbols are the bits to which the modula- 
tion/demodulation Is applied. Hence, sets of N samples are defined {(f>(k, T)}, where 
N is an integer, delimited by respective windows offset by a pitch of M samples, 
where M for example is equal to 1. A set of samples is defined by a same sample 
phase {between 0 and 2*) of the received signal in the notation {<p(k, T)}, k indi- 
cates the range of the first sample of the set and T indicates the bit period separat- 
ing two consecutive samples of this set A correlator COR correlates a sequence {J} 
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with each one of the obtained sample sets r to define an a priori optimum set of 
samples {<p(k = K» TJ}, defining a maximum correlation value. The sequence (I), 
stored tor example in a ROM memory, includes samples at bit frequency of a 
predefined sequence received through the transmission chain of the remote unit 
and the reception chain of the base station. Hence, the sequence {1} is representa- 
tive of the non-linear distortion of the modulation/demodulation means distributed 
between the base station and the remote terminal. The predefined sequence is 
typically a synchronization sequence transmitted in each DECT raster. 

To an input of the equalizer EQU, the a priori optimum sample set {cp(k, T)> 
is applied and also soma {<p(K-2, "D). tt*K-1. T)>. <<P<H, T)}, <<p(K+1, T)} and 
fp{K+2 ( T)} ef the other sample sets which are defined by respective sample 
phases near to the sample phase of the a priori optimum sample set. The equalizer 
EQU receives, on the one hand, a logic symbol sequence TS stored in a ROM 
memory and which corresponds in the DECT to the Iraining sequence and, on the 
other hand, the sample sete {<p(K-2. T)}. {<p(K-1, T)}, <<p(k. TJh {<p(K+1 r T)} and 
<<tfK+2, T)>. 

The equalizer EQU produces an error signal eCK-2), s(K-1). e(K). s(K+1) and 
*(K+2) for each one of the sample sets {ip(K-2, T}}, MK-1. T)}, {itfk. T)}. <jp(K+1. T» 
and {<?(K+2, Tf}. A selector chooses the sample phase for which the equalization 
error signal c(K-2} t s(K^U «(K), «(K-M) and e(K+2) Is smallest Hence, an optimum 
phase Ksel for the sample of the signal received Is obtained. 

After this synchronisation arrangement phase, a calculation module in the 
equalizer EQU defines the equalizer coefficients minimizing the error signal accord- 
ing to, on the one hand, said signal received from the remote unit when sampled 
with the sample phase of the selected sample set and, on the other, a training se- 
quence TS. 

These coefficients are transmitted to the predistorter to predistcrt the signal 
to be transmitted. 

In another possible alternative to this second embodiment, an interpolation 
algorithm to define the sample sets ({tp(K-2, T)) ( (<rfK~1. T)), T)> and 

(<p(K+2, T)}) which are defined by respective sample phases near to the sample 
phase of the a priori optimum sample set can be used. This solution permits the 
reduction of the sample frequency of the A/D converter. 

In the DECT system, for the embodiments described above, the coefficients 
' used in the equalisation means to equalize the signal during a reception time inter- 
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val are transmitted to the predistorter to predistort the signal during the following 
transmission time interval. In DECT, the ascending raster successively includes a 
synchronization sequence, a training sequence and the transmission and reception 
channels in temporary duplex mode. 

In order to improve the quality of the predistorted signal, a spectral control 
can be applied to the predistorted signal. This spectral control may be in the form 
of an automatic gain control, which is applied to the predistorted signal imposing 
upon it a constant enyelopa 

Another way to improve the quality of the predistorted signal consists of 
studying the convenience of predlstortlng or noL The predistorter is activated when 
the non-linearity degree of the received signal is less than a reference level. On 
the other hand, the predistorter is not activated when the non-linearity degree of 
the signal received is greater than this reference level. 

4 . Brief Description of Drawings 

Figure 1 shows a bldck diagram of a transmission/reception unit operating 
according to a phase predistort! on mode; 

- Rgure 2 shows a block diagram of a transmission/reception unit operating 
according to a predistortion mode for components In quadrature, 

- Figure 3 shows a bfock diagram of an equalizer according to the state of 

the art; 

- Figure 4 shows a block diagram of one part of the reception chain of the 
transmission/reception unit according to the preferred embodiment in accordance 
with the invention; and 

- Figure 5 shows an algorithm of a second embodiment according to the 
Invention. 
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Fig. 3 
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1 . Abstract 

The present Invention refers to a transmission/reception unit that exchanges 
data with a remote unit by means of a channel using distributed modula- 
tion/demodulation treatment means. The transmission/reception unit Includes 
equalization means (23) to equalize a first signal received from said remote unit 
and predlstortfon means to predistort a second signal transmitted to said remote 
unit According to the invention, the unit is characterized En that the modula- 
tion/demodulation treatment means operate in a non-linear way and the unit in- 
cludes means (230) to store Information that is representative of a non-linear dis- 
tortion of said modulation/demodulation treatment means and which defines a non- 
linear reference, and means (233) to adjust coefficients (CO) in the equalization 
means (23) according to the signal received from the remote unit and said repre- 
sentative information, the mentioned adjusted coefficients being transmitted to said 
predistortion means. 



2, Representative Drawing 
Fig. 4 



